Introduction
Definition 1. A planar integral point set (PIPS) is a set P of non-collinear points in plane R 2 such that for any pair of points P 1 , P 2 ∈ P the Euclidean distance |P 1 P 2 | between points P 1 and P 2 is integral.
Definition 1 can be generalized as follows:
Definition 2. An integral point set P is a set of n points in the m-dimensional Euclidean space R m with pairwise integral distances.
How can we characterize an integral point set? First of all, we can look at its dimension; then, we can count the number of points in it, which is always finite [1; 2] and is further called the cardinality; finally, we can naturallydefine the diameter of a finite point set. 
Every integral point set also has a characteristic [3; 4] . For the list of known bounds for d(m, n), we refer the reader to [5, Theorem 1] or to [6] . We will discuss the following estimations presented at [5] :
d(m, 2m + 1) ≤ 8
(2) d(m, 2m + 2) ≤ 13
(3) d(m, 3m) ≤ 109 (4) and the following theorem [5, Theorem 2.1].
Theorem 1. Let P be a planar integral point set consisting of n − 2 points on line l 1 and two points P 1 and P 2 on a parallel line l 2 with distance r between l 1 and l 2 . If there exist positive integers v, w with f 2 + v 2 = w 2 and v < 2r, where |P 1 P 2 | = f , then
Firstly, we discuss the classification of planar integral points sets; then, we present some bounds for d(m, n) based on planar integral point sets of particular types and provide some general constructions for such bounds.
2 Classification of planar integral point sets 2.1 Integral point sets situated in two straight lines Definition 5. A planar integral point sets of n points with n − 1 points on a straight line is called a facher set.
Facher sets are very dominating examples of planar integral pont sets. In [7] , facher sets of characteristic 1 are called semi-crabs. For 9 ≤ n ≤ 122, the diameter d(2, n) is reached on a facher point set [8] .
For non-facher integral point sets situated in two straight lines, we can easily distinct the following three cases: Definition 6. A planar integral point sets situated in two parallel straight lines is called a rails set.
Among the rails sets, sets with 2 points on one line and all the other on another line dominate.
Definition 7.
A planar integral point sets situated in two perpendicular straight lines is called a cross set.
Every cross set has characteristic 1; in [7] , cross sets with only 2 points out of one of the lines are called crabs. Definition 8. A planar integral point sets situated in two straight lines that are not parallel nor perpendicular, is called a sciccors set.
There is an important subclassof scissors sets. Definition 9. A scissors set with an axis of symmetry, which is the angle bisector for the straight lines, is called a pyramid set. Circular sets are very important examples of integral point sets [9] [10] [11] .
Other integral point sets
Definition 11. A planar integral point sets that is situated on the conjunction of a circle with its center, is called a centered-circular point set.
These six classes dominate among all the known planar integral point sets; however, some sophisticated constructions are also known.
Bounds based on rails sets
Let i = 1, k denote the enumeration of all i from 1 to k. Theorem [5, Theorem 2.1] can be generalized as follows:
Theorem 2. Let P be a planar integral point set consisting of n − k points on line l 1 and k points P 1 , P 2 , ..., P k on a parallel line l 2 with distance r between l 1 and l 2 . If there exist positive
Below we give the planar integral point sets and the corresponding estimates of the function d(m, n) for n = 2m + k, 3 ≤ k ≤ 24. For convenience, we use the notation [6; 12; 13]: √ p/q * {(x 1 , y 1 ), ..., (x n , y n )}, which means that each abscissa is multiplied by 1/q and each ordinate is multiplied by We can obtain the estimate d(m, 2m + 2) ≤ 190 (which is worse that known one (2)). 4 Bounds based on pyramid sets Theorem 3. Let P be a planar integral point set consisting of k points on the line l 1 and k points on the line l 2 . Besides, these points are symmetric with respect to one of the bisectors of the angles formed by the intersection of lines l 1 and l 2 , then
where α = 1, when the intersection point ∈ P, 0, when the intersection point / ∈ P.
Remark 2. The angles can be acute or obtuse. Figure 26 shows that the intersection angle of the lines l 1 and l 2 cannot be equal to π/2.
Below we give the planar integral point sets and the corresponding estimates of the function d(m, n) for n = 3m + 1 and n = 4m + 1. 
The resulting estimate improves the estimate for d(m, 3m), which is presented in [3] . Figure 30 shows an example for m = 3. 
Final remarks
All the given PIPSs were obtained through a combination of computer search an intuition of the authors; so, the further search may lead to better bounds employing the same consructions. There is still no general construction for a rails or scissors PIPS of given cardinality. For rails PIPSs, we can conjecture that there exists a set of arbitrary cardinality with 2 points on one line and all the rest on the other; on the other hand, we still have not found any rails PIPSs with 4 and 5 points on the lines.
As for today, we have found pyramid PIPS of cardinality at most 9. The source code can be obtained at https://gitlab.com/Nickkolok/ips-algo
